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Nowadays pump-and-probe experiments are becoming extremely important  

in condensed-matter and atomic physics.  

Premise N. 1 

Schematic representation of the time-ǊŜǎƻƭǾŜŘ άŦƛƭƳέ  
of pump-and-probe dynamics. At different time delay  
the probe monitors different states by the change  
physical properties. 

left) A laser pulse is split in two to obtain coherences between pump and  
probe. Then the probe is sent directly to the sample, while the pump is  
temporally delayed by changing the optical path. 
right) the curve represent the temporal evolution of the spin conversion.   

Pump Probe 

From A. Marino, Ph.D. Thesis, 2015 
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Solid state group laboratory femtosecond pump-probe equipment,  
Institute de Physique de Rennes, University of Rennes 1, France. 

  

Setup of the BioCARS beamline at APS Synchrotron. A mechanical 

chopper system is used to isolate single X-ray pulses from the storage 

ring. The laser beam is oriented orthogonal to the X-ray beam and 

intersects the crystal at the center of the goniometer rotation.  

The chopper/shutter includes a high-heat-load chopper, which produces 

a 22 ms burst of X-rays and the Julich chopper capable of isolating a 

single 50 ps X-ray pulse at a rate of 1 kHz. 

From T. Graber et al. J. Synchrotron Rad. 18, 658ɬ670 (2011)
  

Optical regime X-ray regime 
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Temporal evolution of the spin conversion.   



Premise N. 1 

Hic sunt leones  



Is it possible to detect a transient violation  
of the Pauli principle at the subfemtosecond scale ?  



Corinaldesiôs idea that Pauli principle can be violated in short time transients 
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Corinaldesiôs idea that Pauli principle can be violated in short time transients 

Premise N. 2 

Consider the 2-particle Lagrangian of the conventional non-relativistic theory: 

And add to it the following non-linear term (written here for fermions): 
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x is a phase ! 

Notice that the non-linear term is zero for both non-overlapping fermions (x=1, so lnx =0), 

and for symmetrized wave-functions, because Y(1,2) = -Y(2,1) (!!!) 
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Define: 

In this framework, the equation of motion leads to the interesting properties: 

1) When the two wave-packets do not overlap, then:   1)()( == -symnosym NN
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Corinaldesiôs idea is that Pauli principle can be violated in short time transients 
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Conclusions of Corinaldesiôs paper: 

For charged fermions this would amount to a reformulation of electromagnetic 

interactions in which the electromagnetic field would play the role of a 

symmetrizing agent (!) 

This, of course, leaves three questions open:  

1) How could the electromagnetic field act this way ? 

2) What would be a typical value for the «symmetrization time» ? 

3) How could it be possible to measure it ? 
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Reminder of classical electromagnetism 
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Expression of the Lienard-Wieckert retarded electric field at q2: 

The rate of work done by q1 on q2 to order b4 is: 
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 Oscillating dipoles: Lienard/Wiechert emitting power 

2

2

2

2

v

)v(22

10

16
c

c

a

emit

a

c

q
p

-

-
=

³
CC

p

m

If  Ý a
CC
^v

2
2

10

6
a

c

q
pemit

p

m
=

2210
21

6
2 a

c

qq
WWpabs

p

m
@+=

Ý 

Ý 

Ý 

2
2

210

6

)(
a

c

qq
prad

p

m -
=

Ý Total radiated power of the 

system proportional to the square 

of the dipole moment: 


